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The intent of introducing a new technique for purifying 
water in the developing world is to make a healthier and 
easier method of collecting and cleaning water for human 
consumption when there is a chance of causing disease from 
the pathogens in the water source.
However, the currently implemented systems and products 
used for water filtration and purification in developing 
countries go unused or are abandoned once they break down; 
the local people go back to filtering water in less effective ways. 
The reason for the lack of use of these “foreign” designed 
tools is because they are not accepted in the local community 
they were designed for. A lack of understanding of the 
socio-economic and environmental conditions creates a 
communication barrier between the designer and the end user. 
This thesis focuses on the importance of creating a fully 
integrated point of use water filtration and purification system 
in Haiti that will be focused on solving certain factors that are 
usually overlooked in the majority of designs created for the 
“other 90%.”
Abstract
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Project Definition
Introduction
The LifePump: A Strategy for Introducing Affordable Clean Water to the Developing World 11
A System Approach
The introduction of an entirely “foreign” product for water 
filtration is not always a beneficial approach when dealing 
with developing countries. These cultures currently use their 
own systems for water fetching, purification, storage and 
consumption. These systems have been tweaked and adjusted 
by the indigenous population to fit the cultural demands 
presented by the specific geographic location, based on 
demographics, terrain, resources and economic climate.
Another aspect of the design that is important to the overall 
success of the product is the use of locally sourced materials. 
This is important because it allows the user to source, build 
and maintain all parts of the filter without worry of parts 
malfunctioning and not being able to fix them. PVC pipe is 
widely used in Haiti, along with the five gallon bucket used in 
this system.
As the designer conducting this intervention, I did not want to 
disrupt the balance of these systems. With that being said, you 
will notice several design features that compliment the already 
existing processes and materials the target audience already 
uses in either the water purification process or other daily 
activities.
The most prominent example included in the design is the 
principle use of a universal fitment for PET water bottles 
which helps encourage a closed loped purification process, 
meaning once the water is purified the water has a limited 
possibility of getting recontaminated before consumption. 
These PET bottles are commonly used water vessels that act as 
the critical element for systems such as SODIS or the use of 
aqua tabs and other chemical treatments.
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The Concept
The system supplies the user with a utility of extracting, 
filtering, and bottling water in their home through the use of 
an inexpensive water filtration system. Through the use of a 
manually operated PVC piston-style pump, the user is able 
to easily draw water up through a filter column, without any 
major ergonomic stressors. Within the same basic compression 
movements, the filtered water is channeled through a valve 
and ceramic filter and exits into unattached PET bottle or 
alternative storage device.
After researching other water purification systems I felt it 
important to address several of the major lapses in previous 
designs. By taking the  “simple is better” approach, I was able 
to maximize the potential user range based on the design’ 
ease of use with respect to age and gender, along with ease of 
maintaining the filter’s performance, and the overall lifespan of 
the product compared to the initial cost of production.
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Precedents
Review of Literature
Out of Poverty: What works when traditional approaches fail
Design for the Other 90%
Poor Economics
The Myths of Innovation
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Review of Literature
Out of Poverty: What Works When Traditional Approaches Fail
Polak, Paul. Out of Poverty: What Works When Traditional 
Approaches Fail. San Francisco, CA: Berrett-Koehler, 2008. Print.
Paul Polak explores the “Three Great Poverty Eradication Myths”
1. We can donate people out of poverty
2. Economic national growth will end poverty
3. Big business, operating as it does now, will end poverty based on 
these ideals.
Based on his research into such programs he shows how they have 
failed and in some cases the poverty rate has increased.
The top-bottom programs contrast with the approach Paul Polak 
and his company IDE take: allowing the dollar a day families to 
create their own economic growth through their own efforts. He 
showcases the innovative low cost tools developed that so far,  that 
have lifted 17 million people out of poverty.
Overall the book explains how there are still unexploited market 
opportunities for the extremely poor that enable them to increase 
their economic standing without help from their party companies.
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Review of Literature
The Myths of Innovation 
Berkun, Scott. The myths of innovation. Beijing: O’Reilly, 2007. 
Print.
An eye opening book that shares the truth about innovation and 
how and where it actually comes from. Giving examples of both 
new hot technologies along with ancient ones, the author shows 
that the next big thing succeeds or fails based not on innovation 
but by times tested ideas that have brought us this far. Innovation 
is driven through the essential, cutting away the hype to find the 
divine truths of what is needed to create a successful and more 
importantly useful product.
“The goal is to use myths about innovation to understand how 
innovation happen.”
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Review of Literature
Design for the other 90%
Smith, Cynthia E.. Design for the other 90%. New York: 
Smithsonian, Cooper-Hewitt, National Design Museum :, 2007. 
Print.
The author explains how 90%, or about 6 billion people, have 
little to no access to the products that the developed world takes 
for granted. Examples from the book include: no regular access to 
food, clean water or shelter.
The book shares over 30 innovations created by western designers, 
engineers, architects and social entrepreneurs that are low cost 
solutions to everyday dilemmas that face the “other 90%.” 
Examples of water purification systems, community solar kitchens 
and drip irrigation systems show that if the right products are 
designed at the right price, the developing world can sustain its 
own viable economic market, opposed to being a charitable cause 
for the western world. Overall the examples of products designed 
in this book shows that when products are developed at the 
right price point while meeting the needs of the local market, a 
sustainable international market can be sustained.
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Review of Literature
Poor Economics: A Radical Rethinking of the Way to Fight 
Global Poverty. 
Banerjee, Abhijit V., and Esther Duflo. Poor economics: a radical 
rethinking of the way to fight global poverty. New York: Public Affairs, 
2011. Print.
The daily challenges of living on less than a dollar a day creates 
stress and poor choices that feed, not fight, poverty. This book is 
a radical rethinking of how and why people make the financial 
choices they do when living on a very limited income and how if 
we want a world without poverty we first have to understand the 
everyday choices facing the poor.
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Case Studies
Introduction
Before starting the process of designing a water purification 
system for the developing world it was important to research and 
understanding existing products in the marketplace. By doing so I 
could understand the strengths and weaknesses of these products 
and how and why they are thriving or failing in their intended 
market. I chose to center my research on water purification 
systems in developing countries, instead of a broader spectrum 
of low income product design so I could focus my attention on a 
micro level, to really understand the details of why these products 
have sustained or died out in their intended economic audience.
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The LifeStraw, A Case Study
Company
Vesterguard
Brief Overview
The LifeStraw is an individual hand held water filter and 
purification system that takes contaminated water and converts it 
to safe drinking water. The filter complies with US Environmental 
Protection (EPS) 1987 Guide Standard and Protocal for Testing 
Microbiological Water Purifiers.
Strengths
Effective at removing 99.99% of bacteria, viruses and protozoa.
Effective point of use water filter that reduces diarrheal diseases.
Individual use gives control to the user to drink safe water.
Weaknesses
Warranty of one year, or 1600L or 415 gallons of water.
Expensive for individual use, about $3.00 per straw. One straw is 
needed for each family member.
Unable to maintain parts or replace parts if they are 
malfunctioning.
A lot of suction is needed to pass the water through the straw, 
which makes it awkward to use if over a body of water.
Not accepted by local communities.
Imported
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The LifeStraw, A Case Study
1. Textile prefilter
Mesh of the filter measures 100 microns in diameter
2. Polyester filter
Mesh of the filter measures 15 microns in diameter and filters out 
clusters of bacteria
3. Saturated iodine beads
The iodine kills parasites and 99.3 percent of bacteria and viruses.
4. Granulated active carbon
The carbon improves the taste and small of the water and removes 
any remaining parasites.
The Lifestraw.
 Photo Credit: http://letsthinkgreenthoughts.wordpress.
com/2011/04/25/lifestraw/
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Arsenic Biosand Filter (ABF), A Case Study
Company
Massachusetts Institute of Technology (MIT)
Boston, USA
Environment and Public Health Organization
Kathmandu, Nepal
Rural Water Supply and Sanitation Support
Butwal, Nepal
Brief Overview
The ABF was designed by MIT for the World Bank Development 
Marketplace as a program to bring attention to the water quality 
problems in Nepal while designing and bringing a possible 
solution to the marketplace. The final product was found to be 
effective at removing arsenic, coliform, E. Coli and iron from the 
drinking water.
Strengths
Made from local organic materials (gravel, coarse sand, fine sand 
and iron nails).
Pathogens are removed from the water as it travels through the 
sand.
The arsenic is removed as the iron nails rust.
The resulting purified water is both clean and good tasting.
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Weaknesses
High start up costs by local standards - $25 to $30.
Slow running
Open to community use
Training is needed to maintain the filter.
Arsenic Biosand Filter (ABF), A Case Study
The ABF Filter
Photo Credit: http://newsoffice.mit.edu/2004/nepal
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Potters for Peace, A Case Study
Company
Potters for Peace
United States of America
Brief Overview
Working with small communities in the developing world, Potters 
for Peace help establish small workshops that can produce low 
cost ceramic water filters. These filters can bring portable water 
purification systems to poverty stricken areas that have no access 
to clean water. The company works to set up filter production 
facilities in communities to create sustainable and profitable 
businesses that do not rely on third party companies to survive.
Strengths
Low tech and low cost
The clay filters are produced from local materials by local people.
The businesses developed help the local economy.
The pots are effective at eliminating 99.98% of water born disease 
agents.
It is the highest reached product for rural point of use water 
treatment filters.
Accepted and maintained by local communities.
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Potters for Peace, A Case Study
Weaknesses
Slow running
Expensive start up costs based on local economies, 
from $15 to $25.
Community and business driven opposed to individual household 
maintained.
Not always a closed system for water purification, meaning there is 
always a chance of recontamination.
Potters For Peace: 
Photo Credits: http://www.water.info/home.ceramicfilters.pottersforpeace.html
http://www.solutionsforwater.org/solutions/potters-for-peace-point-of-use-pou-ceramic-water-filter
http://landghana.blogspot.com/2010/10/helping-villagers-in-ghana-gain-access.html
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The Living Water Treatment System, A Case Study
Company
Water Missions International
North Charleston, SC, United States of America
Brief Overview
Designed to be a scaled down water treatment plant (LWTSTM), 
this product was designed to be highly effective, long lasting and 
community driven. Using a combination of filtrations systems and 
chemical disinfectants, the system removes both bacteriological 
contaminants and chemically neutralizes and disinfects any 
remaining pathogens.
Strengths
Fast - treats 10 gallons of water per minute
The system removes particulates and chemically disinfects and 
destroys and remaining pathogens.
Provides a community safe drinking water for many years.
Weaknesses
Very high start up costs
Depends on solar power ro diesel powered generators.
Open to community use
Training and money is needed to maintain the system.
Not accepted by local communities
Imported
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The Living Water Treatment System, A Case Study
The Living Water Treatment
Photo Credit: http://multivu.prnewswire.com/mnr/pentair/49765/
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Solar Water Disinfection (SODIS), A Case Study
Company
Eawag
Swiss Federal Institute of Aquatic Sciences and Technology
Switzerland
Brief Overview
Considered one of the simplest methods of treating water in the 
developing world, all that is required is sunlight, clear PET bottles 
and water. The PET bottles are filled with water and placed out in 
the sun for 6 hours. The sunlight, and more specifically UV-A rays, 
kill all viruses, bacteria and parasites that are in the water.
Strengths
Improves the microbiological quality of drinking water.
Uses UV-A radiation and temperature to inactivate pathogens in 
the water.
Uses clear PET bottles, which are readily available in developing 
countries.
Accepted by local communities
Controlled by individual, families and communities.
Weaknesses
Purification time is long - 6 hours or more
Dependent on sunlight in order to be effective.
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Solar Water Disinfection (SODIS), A Case Study
SODIS Water Treatment
Photo Credit: http://archiv.ethlife.ethz.ch/e/articles/campuslife/sodis_energyglobe.html
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LifeGun,  A Case Study
Company
Masters Project designed by Kristin McGeorge and Dan Rucker
Rochester Institute of Technology
Rochester, NY, USA
Brief Overview
Created as a Masters of Fine Arts project in the Industrial Design 
department at RIT, the LifeGun is a hand held water purification 
system designed for use in developing countries. It is a point 
of use, closed system that allows the user to filter and purify 
contaminated water with ease at the water source and house it in 
PET bottles so there is no fear of recontamination.
Strengths
Closed system that protects against recontamination.
PET bottle attachment
Portable - used at water source
The product shape is empowering and fun
Removes 99% or organic contaminates (based off effectiveness of 
ceramic filters).
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LifeGun,  A Case Study
Weaknesses
Not ergonomically comfortable
Expensive start up costs
Imported parts that need repairing
The gun shape could be dangerous
Never tested in the field
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Research
Possible Design Solutions
Culture - Product
Culture + Gender - Product
Culture + Gender + History - Product
Ecosystem - Product
Economics - Product
Preferred Solution
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Possible Design Solutions
Developing a product system that focuses on water filtration needs 
in developing countries, with a focus on one or many of the areas 
of concentration.
Ecosystem 
What is the ecosystem like in the choses country and why are the 
water sources polluted.
Economics 
Ratio of poverty to wealthy in the area, how the government is run 
and how it is funding the resources needed to decrease the use of 
unfiltered water, how donations are divided and why they fail at 
helping to solve the original problem
Cultural acceptance of products
Cultural anthropology and history of country
Why do some products fail in this market and why do some 
succeed.
Gender 
Roles and how they are connected to the retrieval of water.
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Possible Design Solutions
culture - product
By focusing a design solution on the culture of the people I am 
designing for I will be able to delve deeply into the make up of the 
society. It will help incorporate the product into a system without 
chance of failure because it is not an accepted technology based on 
western ideas and opinions.
culture + gender - product
By incorporating the gender reelections into the design process I 
would b able to develop a solution that would stretch the gender 
boundaries. It would be important to understand the gender 
relations established in the culture since I would not want to 
dislocate the social structure of how women interact with one 
another or how men function in their work environments.
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Possible Design Solutions
culture +gender + history - product
History would be viewed as both the history of the people I am 
designing for but also the distort of other water filtration systems 
that have been introduced in to the culture and have failed. I have 
to be sure I am learning from past mistakes of previous designs in 
order to not recreate the same problems again.
ecosystem-product
By understanding why the water available to the region is polluted 
I was able to understand the method needed to purify the water 
and make it more readily available. At the same time I needed 
to understand the environment the people were living in, what 
conditions they must travel in order to collect the daily water 
needed by their families.
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Possible Design Solutions
economic-product
It was very important to understand the economy of the country 
to see how much money could actually be spent on any given new 
technology. If the people are living in less than a dollar a day it 
would greatly impact how many outside resources could be used 
on a new product. If they can afford it, they can use it. The entire 
project could not revolve just around the economy because it does 
not take into account the people, culture, history and ecosystem 
in which the product is being introduced. However, it is very 
important to understand how the economy works, how “things get 
done” within the given communities. 
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Possible Design Solutions
The preferred solution will incorporate all of the categories. To 
have a product that is fully integrated into the studied culture is 
important to understand all the facets of the society. There was 
still a hierarchy to what I am most focused on in my research, to 
economics and culture are the two largest and most important 
areas I think need to be understood in order to develop a 
successful product system. They are the two main categories and in 
and of themselves they are connected, in which the majority of my 
subcategories are situated.
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The Original Project
The LifeGun
Overview
How it works
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The LifeGun, Product Overview
In the spring of 2011, while still in my first year of Graduate 
School, I was enlisted in a sustainability product design class that 
focused on water purification in the developing world. Working 
with the professors, Alex Lobos and Dr. James Myers, the class 
delved into design in the developing world and water purification 
product design. 
Working with fellow classmate Dan Rucker, we developed a 
product called the LifeGun. This hand held water filter and 
purification tool enabled the user to easily and safely pump and 
purify contaminated water into safe, drinkable water. 
There was a lot of interest around campus about this product, and 
after the completion of the class I was still interested in continuing 
with the design process of the LifeGun. There were many positive 
aspects about the design, including the PET bottle attachment 
which allowed the user to safely handle and drink the purified 
water without fear of it being recontaminated. 
However, as with any new product development, there were many 
areas where the LifeGun could be improved. The ergonomic 
aspects of the design needed rethinking, since the user may have 
trouble pumping and holding a gallon of  water in a PET bottle 
in one hand. Also, the technology used to purify the water had a 
limited lifespan which could be expensive up maintain or replace 
when no longer purifying water to a drinkable standard.
Since I was so passionate about actually developing a working 
water purification system for the developing world I decided to 
continue with the LifeGun concept for my Mater thesis project. A 
LifeGun 2.0 so to speak. 
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The LifeGun, Product Overview
The LifeGun is a system that supplies the user with a utility for 
extracting, filtering and bottling water directly from the water 
source.
Through the use if a manually operated piston-style pump the user 
is able to easily draw water up through a filter column. With the 
same basic compression movements the filtered water is channeled 
through a valve and into the housing where a PET bottle can be 
affixed.
Easy for kids to use and possibly convent enough for men to 
use in contrast to the current trend of women and children 
predominantly handling the water.
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The LifeGun, Product Overview
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The LifeGun, How it works
1. Ceramic Shell 
A layer of porous ceramic material which provides sub micron 
water filtration. The ceramic layer reduces fine particulate matter, 
bacteria, cysts and turbidity. Regular cleaning can be administered 
to prevent build-up of contaminants
2. Carbon Core 
A core of extruded carbon removes volatile organic compounds 
and helps improve the taste, color and oder of the water.
3. External Treatment 
In some cases, the water supplies are contaminated with bacterias 
such as Cholera. Under these conditions the water must undergo 
a final purification process, commonly involving UV light, or 
chemicals. This process has been simplified by the creation of aqua 
tabs, bleach treatments and SODIS treatments that utilize natal 
sunlight.
1. PET Bottles
Built into the LifeGun design is a universal fitment for PET water 
bottles. PET bottles are prominently used in developing countries. 
The LifeGun enables the user to extract water from the source, 
purify it and re bottle it without the need for other methods or 
devices.
2. Buckets and Hoses
The LifeGun includes a threaded adapter which can be mounted 
to the valve in place of the PET bottle. This provides the option of 
pumping the water elsewhere, or into other vessels, like a 5 gallon 
bucket.
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The LifeGun, How it works
The LifeGun
How the water enters the pump and where it flows through the water 
purification process
The LifeGun
A section of the carbon filter used to filter and purify the crude water 
from the water source.
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The Design Process
The Approach
If somebody has already invented it, you don’t need to do it again
See and do the obvious
Building a working model
Think like a child
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The Approach
Based on the research and development of successful water 
systems for irrigation use developed by Paul Polak, he developed 
a twelve step system which he feels will help focus the designer on 
conceptualizing in the right way for “design for the other 90%.”
Using his approach to the design process allowed me to design 
a product for the developing world from a perspective much 
different from designing in the western marketplace. By upholding 
the principles set by Paul Polak, the product, from initial concept 
to refined prototype differed from how I usually approach a design 
problem. The product had to continually be broken down and 
rebuilt in less and less refined pieces, and to an untrained eye 
may have looked incomplete. However, when designing for the 
developing world it is important to create products that can be 
built and maintained from locally sourced materials and therefore 
it is essential to approach the design process in this way.
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The Approach
Twelve Steps to Practical Problem Solving
Go to where the action is.
Talk to the people who have the problem and listen to what they 
say.
Learn everything you can about the problem’s specific context.
Think big and act big.
Think like a child.
See and do the obvious.
If somebody has already invented it, you don’t need to do it again.
Make sure your approach has positive measurable impacts that can 
be brought to scale. 
Make sure it can reach at least 1 million people and make their 
lives measurably better.
Design to specific cost and price targets.
Follow practical three year plans.
Continue to learn from your customers.
Stay positive: don’t be distracted by what other people think.
 
Out of Poverty, by Paul Polak, Page 13
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The Approach
Twelve Steps to Practical Problem Solving
Go to where the action is.
Talk to the people who have the problem and listen to what 
they say.
Learn everything you can about the problem’s specific context.
Think big and act big.
Think like a child.
See and do the obvious.
If somebody has already invented it, you don’t need to do it 
again.
Make sure your approach has positive measurable impacts that can 
be brought to scale. 
Make sure it can reach at least 1 million people and make their 
lives measurably better.
Design to specific cost and price targets.
Follow practical three year plans.
Continue to learn from your customers.
Stay positive: don’t be distracted by what other people think.
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Design Process, Pre-existing Parts, Pumps
If somebody has already invented it, 
you don’t need to do it again
An important first step when I started designing my water 
purification system was to remember who my audience was and 
what needs I would be fulfilling by developing the product. From 
there I started researching the cost of designing, building and 
making molds of each individual part needed to complete the 
design. After initial brainstorming it became apparent that my 
overall design concept could and should come from as many pre-
existing parts as possible, thereby cutting the cost or production 
because I would not be reinventing products that are already on 
the market, and overall and most importantly, the cost to the end 
user would be cheaper.
I knew I would like to continue with using a pumping mechanism 
to filter and purify the contaminated water since it is an 
ergonomically friendly motion many people, no matter age or 
height can maintain for an extended period of time. Therefore 
I started testing many different existing pumps already on the 
market; they ranged from water guns, deep well pumps, bike 
pumps and water/siphon pumps.
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Design Process, Pre-existing Parts, Pumps
Supter Soaker
Photo Credit: http://whatzhotandnot.com/2013/11/06/breaking-
news-black-enterpanuer-super-soaker-creator-lonnie-johnson-
awared-72-9m-from-hasbro/
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Design Process, Pre-existing Parts, Pumps
Deep Well Water Pump:
Photo Credit: http://commons.wikimedia.org/wiki/File:Brading_old_
water_pump_2.JPG
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Design Process, Pre-existing Parts, Pumps
Bike Pumps
Photo Credit: http://loofu.en.ecplaza.net/main.jpg
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Design Process, Pre-existing Parts, Pumps
Fluid Pump
Photo Credit: http://www.tooltopia.com/mityvac-mv7241.
aspx?utm_source=google&utm_medium=paid_search&utm_cam-
paign=paid_search_google_pla&scid=scplp6821329&gclid=CK-
K6nvnorL4CFQmSfgodh1kAFw
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Design Process, Pre-existing Parts, Filters
If somebody has already invented it, 
you don’t need to do it again
At the same time I started testing both handmade (crude) and 
preexisting water filters to understand and test how easy it was for 
water to pass through the pores created by each kind of filter. 
Sand filters were messy, very wet and not easily handled when not 
contained in permanent, unmoving housing. Most importantly, 
the purification quality is not guaranteed if the production of the 
filter is not controlled. 
Pre-existing carbon filters were easy to pump water through when 
using a hand held water pump and overall purified water very well 
at a fast pace. However, viruses can still get though the pores of 
the carbon, which would mean a secondary purification method 
would still be necessary. Also, the effectiveness of a carbon filter is 
very limited, about one year, so maintaining the filter would not 
be cost effective or safe, since the average person would not know 
the carbon filter needed changing until a family member got sick.
The carbon filters are also not found locally, so they would have 
to be imported at a greater cost to the end user, which is not good 
when the average person is living on a dollar a day. There is more 
risk of the filter being discarded and the user finding a less effective 
way of purifying water.
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Design Process, Pre-existing Parts, Filters
Pre-existing ceramic filters are also a good choice when using a 
pre-existing water pump to purify a drinking supply. This is the 
kind of filter used in most western purification systems since it is 
so effective at removing all pathogens from the water. The products 
I tested connected a water pump to a water source and then to an 
internal ceramic filter. The pressure from the pump pushed the 
water through the small pores of the ceramic filter, resulting in 
completely purified water upon exit. A downside of this filter was 
that it also did not remove viruses from the water, so if in an area 
that is known to have contaminated water supplies, a secondary 
method of purification is needed, such as adding bleach to the 
purified water. This purification method is also not part of a closed 
system, so for use in developing countries where there is a lack of 
education about recontamination, this method, though effective, 
could be dangerous. The ceramic filers are also very expensive, on 
average a pre-existing 4 inch ceramic filter costs around $100, so 
very out of the price range for a product in the developing world.
The final type of pre-existing filter I researched during the design 
process was the one created in the LifeStraw. Even though the 
LifeStraw product has a limited life of use, the internal parts that 
create the filtration and purification process are easily produced 
and maintained if more easily accessible to the end user. One of 
the downsides to using the LifeStraw it that a lot of suction is 
needed to pull the water through the straw and into the mouth 
of the user. However, though testing it was determined that if the 
LifeStraw is attached to a hand held water pump, the user can 
easily pump the water through the LifeStraw and produce a large 
quality of purified water in a short amount of time.
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Design Process, Pre-existing Parts, Filters
Trial crude filter made from locally sources organic materials like 
sand, dirt and rocks. 
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Pre-existing parts | Concept DevelopmentPre-existing parts | Concept Development
Design Process, Pre-existing Parts, Filters
Carbon Filter that was used during the design process and originally 
came from a handheld water bottle named The Bobble.
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Pre-existing parts | Concept Development
Ceramic Filter used during the design process. The intenal filter came 
from an army grade handheld water pump.
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Design Process, Pre-existing Parts, FiltersPr -existing parts | Concept Dev lopment
The internal portion of the LifeStraw. As part of my research and 
design process I bought and took apart a LifeStraw to see how the 
different parts functioned.
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Design Process, Pre-existing Parts, Connectors
After the trial and error of testing various pre-existing pumps and 
filters, the task arose of finding a way of attaching various products 
that do not originally go together. I discovered that garden hoses 
are of a universal size, even between brands, while also being very 
cheap to produce. In order to attach the different pre-existing 
filters to the water pumps I discovered the various sizes of hose 
clamps did the job very well and at ten cents a piece this product 
was both cost effective and identifiable to the end user. 
Pre-existing parts | Concept Development
These hose clamps were used at various points of the hand held 
water pump throughout the design process since they are easily 
applied and removed. A garden hose and various male and female 
hose adapters were also used since they could attach to one another 
easily along with the sample carbon filters I was testing at the time. 
As a larger “adapter” I started using 5 gallon buckets as a means 
of transporting the contaminated water and housing the purified 
water after passing through the pump. Buckets such as these are 
commonly found and used in the developing world as a means 
of housing water, so it was known going into this project that the 
buckets would be an accepted method of transportation for the 
water purification process.  
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Design Process, Pre-existing Parts, Connectors
Pre-existing parts | Concept Development
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Design Process, Concept Development
See and do the obvious
After the initial design exploration and testing phases were 
complete it was easy to see which pre-existing parts went together 
in the easiest and most intuitive way to create a final water 
purification system. The female garden hose adulator functioned 
not only perfectly for its intended use, to connect different parts 
of a garden hose together, but also as a universal PET water bottle 
adapter. Therefore it was decided that the basic setup of the water 
purification system would be composed from a hand held water 
pump, a garden hose, garden hose adapters and PET bottles. At 
the base of the garden hose, at the point where the contaminated 
water entered the pump, a crude filter would be attached. This 
crude filter would be made from a scrap of fabric and a hose 
clamp. The basic function of this filter would be to stop any large 
particles from entering the pump. It could be easily maintained 
and cleaned on a regular basis because of its location.
Since all parts of the pump were made from preexisting parts I 
decided it would be a good idea to create the purification process 
out of material on the market as well. The process of purification 
used for the LifeStraw seemed the most logical since the product 
itself worked great to give the public safe water to drink. Since the 
only downside to the system way the way of retrieving the water 
(through the straw, and the required sucking motion) I decided 
I could reformat how the individual components of the product 
were housed, no longer in a straw, but externally housed and easily 
accessible to the consumer for repair or replacement. 
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Design Process, Concept Development
The only parts of the purification system that would be uniquely 
designed and not already mass produced would be the housing 
units for the different levels of filer membrane, the iodine beads 
and the carbon filter. Each one of these sections would be separate 
from the rest, but easily replaced by just removing the one section 
that needed to be replaced. The life-cycle of the product would last 
much longer since the consumer would not have to throw out the 
whole product if one section no longer functioned 100%.
However, after creating a function model and mapping it out, 
I decided the overall system was still too costly to produce and 
maintain. I was worried that the seals in the pump would fail and 
that replacing the whole pre-manufactured part would be costly 
to the end user and therefore did not solve the original goal of this 
thesis.  
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Design Process, Concept Development
Concept Development
The beginning of the design process. The pictures show various sections 
of the trial and error of working with water pumps and hose clamps 
while attaching PET bottles to collect the purified water.
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Concept Development
Design Process, Concept Development
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Design Process, Concept Development
Concept Development
Crude Filter
Crude Filter
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Design Process, Concept Development
This photo shows how the different pre-manufactured parts could be 
attached together to make a closed purification system.
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Refining the Concept
Design Process, Concept Development
This model shows hows the various parts of  the molded filter would 
be attached to the preexisting water pump and hose clamp water 
purification system.
Refining the Concept
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Mesh filter
Saturated iodine beads
Empty chamber for purification
Granulated active carbon
Polyester filter
Mesh filter
PET bottle connection
Design Process, Concept Development
The internal workings of the fabricated water purification system 
that would be attached to the preeixting water pump.
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Design Process, Refined Concept
Think like a child.
Once I decided that my design process and developed concepts 
did not fit into the model I built for solving and designing a water 
purification system for the developing world, I went back to the 
drawing board. I knew certain aspects about my design thus far 
were strong, so sticking with the basic idea of creating a pump 
system, I took away all the fluff that was included in the original 
design and looked at the basic system created with a water pump 
and filter. 
Since my main concern was using a pre-manufactured pump 
that would be hard to replace in the developing world, I started 
to think of ways a crude pump could be made, and of what. I 
decided to conceptualize the pump from PVC pipe. In developing 
countries it is a commonly used material and therefore readily 
available and a low cost. I also decided to maintain using the 
5 gallon bucket since it is also a commonly used tool in the 
developing world. So based off these materials I sketched out 
different pump that could be easily made out of limited materials.
After looking at the different PVC pipe pump concepts and 
weighing which would have the longest lifespan, based off usability 
and stress points I decided to use a traditional deep well pump 
design. This pump is already widely used in developing countries 
and therefore would be more accepted and more likely used than 
introducing a new tool.
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Design Process, Refined Concept
Refining the Concept | Part #2
Stress Point
Non functioning pipe
Refining the Concept | Part #2
Stress Point
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Refining the Concept | Part #2
Stress Point
Stress Point
Refining the Concept | Part #2
standard deep well hand pump
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The Final Design
The Pump
The Filters
Building the LifePump
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The Final Design, The Pump
The final LifePump system is built like a traditional deep well 
pump. The ergonomic design allows for easy use for any age group, 
and the up and down motion of the pump makes it easier for the  
user to get the strength and pressure needed to push the water 
through the pump and into the filter.
The use of one way valves within the pump help keep the pressure 
and water-flow moving through the system and guarantees the 
water cannot backtrack out through the original point of entrance.
It was important that this water purification process remained 
a closed system so there would be a decrees in the change or 
recontamination. Therefore at the exit point of the pump there is 
still a universal PET attachment, made from a female garden hos 
adapter. The water can pump directly into the attached PET bottle 
or into another sterilized container if used just as a faucet. 
The pump is housed in a 5 gallon bucket, with a free standing 
support system that allows the LifePump it be used in various 
location. The design is basically a transportable faucet that 
individual family’s can use to safely purify water wherever they are, 
either community or household use.
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The Final Design, The Pump
The final LifePump design. 
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3. PET Attachment
The Final Design, The Pump
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The Final Design, The Filters
There is still a crude filter located on the base of the pump which 
filters out any large particles before the water enters the first tube 
and begins the purification process. The filter is still made from 
fabric and attached with a hose clamp.
The internal and more important purification filter changes 
greatly from the original idea of using man made parts. I wanted 
the whole pump to be able to be manufactured within the 
communities of the developing countries so not only would there 
be pride in owning a product made themselves, but also because 
the locally created product revenue would stay local.
Therefore I researched into cheaply made organic filters that could 
be designed and built locally. Ceramic filter, when produced in the 
western world are very effective at purifying water, but the price is 
very high. However, ceramic pots, like the ones used by Potters for 
Peace, filter and purify water in the say way, just at a much slower 
pace. If clay filters are created locally in the same way the ceramic 
pots are produced, and placed into a system that forces water 
through the small pores, just like in the western filters, you could 
have purified water for just pennies.
I looked into the different materials needed to produce clay pots 
used for filtering water and how I could design a clay filter that 
would work in the deep well pump.
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The Final Design, The Filters
The majority of the filter, about 95%, is clay. The other 5% is 
made from a “burnout” material either sawdust, rice hulls or 
cogged husks. The burnout material increases pore size in the clay, 
which means it is easier for the water to pass through. Laterites 
are added to the mixture if available in the local environment, it is 
usually found in hot, tropical areas. It is a soil type rich in iron and 
aluminum and is a rusty red color because of the iron oxides. This 
material has been shown to bind to and remove viruses from water. 
Overall this filter, if built with Laterites, has the ability to remove 
the majority of all harmful viruses and bacteria from intended 
drinking water.
Colluidal Silver is painted on the outside of the ceramic filter 
after firing. It is microscopic particles of ionic silver suspended 
in water. The silver acts as a broad spectrum germicide basically 
deactivating bacteria as the water pass through the ceramic filter 
pores. The silver suffocates bacteria by disabling the particular 
enzyme that pathogenic bacteria and fungi use for oxygen 
metabolism. Pathogens are either destroyed by the electric charge 
of the silver particles or rendered unable to reproduce. The silver 
also kills parasites while in their egg state. The overall performance 
of the filter is improved through the deactivation of bacteria, thus 
preventing growth of bacteria within the filter itself.
Studies have shown this kind of filter removes 100% total 
coliform, fecal coliform and E Coli which combined are bacterial 
indicators of water quality. They are easy to culture and their 
presence is used to indicate that other pathogenic organisms or 
fecal origin may be present, meaning bacteria, viruses, protozoa 
and multicellular parasites. 
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The Final Concept | Building the Pump
An exploded view of the one way valve used in the PVC water 
pump.  The design uses PVC attachments, iron rod, a marble and 
hose clamp.
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The Final Design, The Filters
colloidal silver
locally sourced clay
“burn out” material
Laterite (optional)
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The Final Design, The Filters
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2. Ceramic Filter
1. Crude Filter
The Final Design, The Filters
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The Final Design, The Filters
The filter placement within the pump was also cause for concern. 
It needed to be located in an area that was easily accessible for 
cleaning and maintenance but also somewhere the fragile ceramic 
would not break. Originally I designed the pump to house the 
filter internally, however, after testing it was discovered the filter 
jammed the internal one way valve, which in turn made the pump 
stop functioning. It was also impossible to fix or replace the filter 
since the pump was glued shut. 
Having the filter housed in the faucet of the pump worked the 
best. Since this section of the pump was made from separate 
parts externally, there would be easy access to the filter to clean or 
replace it. This one section of pipe would not be glued together, 
instead holes would be drilled though the connection point of the 
two parts and iron pins would hold the parts together. This also 
solved the problem of needed air valves to release the air contained 
in the attached PET bottles as they were filling with water.  
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The Final Design, The Filters
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The Final Design, The Filters
The Final Concept | FilterThe Final Concept | Filter
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The Final Design, The Filters
The Final Concept | Building the Pump
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The Final Design, The Filters
The Final Concept | Building the Pump
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The Final Design, Building the LifePump
The actual construction of the LifePump can be built in about an 
hour and costs just under $10, based off pricing at Home Depot. 
If the product needed to build the pump are bought in bulk, each 
LifePump will end up costing $3 to build, minus the clay filter.
Materials Used
2 - 1.25” x 36” PVC Pipe
1 - .75” x 36” PVC Pipe
1 - .25” x 36” PVC Pipe
10-12 - various sized PVC attachments
2 - marbles
1 - .125” x 36” steel rod cut into .125” x .3”
4 - hose clamps - various sizes
1 - female to male garden hose attachment
PVC epoxy
1 piece of cloth cut to size
Needed Tools
.125” drill bit
tape measure
PVC pipe cutter or saw
sandpaper
flat head screwdriver
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The Final Design, Building the LifePump
The most time consuming part of building the pump is putting 
together the two one way valves needed in the design. These valves 
are made from a half inch to one inch PVC pipe attachment, iron 
rod, and a marble; a drill and bit the size of the iron rod is also 
needed, along with the PVC epoxy. One of the valves is located 
at the entrance point of the water into the pump, the crude filter 
is attached by a hose clamp to this external one way valve. The 
second valve is attached to the bottom of the PVC pipe used as the 
handle of the pump, the smaller PVC pipe that fits into the larger 
external one. This valve is used to push the water up the tube and 
through the filter without worry of the water backtracking.
The pump itself is attached to a support beam, also made from 
PVC pipe, and fastened together with two large hose clamps. 
These clamps can be moved up and down to allow the pump to sit 
inside the 5 gallon bucket while the support beam is straddling the 
outside of the bucket. The hose clamps can then be tightened to 
create a self supported water pump system.
The LifePump: A Strategy for Introducing Affordable Clean Water to the Developing World 89
The Final Design, Building the LifePump
The Final Concept | Building the Pump
The materials needed to build the one way valves used in the waterpump design.
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The Final Design, Building the LifePump
The Final Concept | Building the Pump
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The Final Concept | Building the Pump
The Final Design, Building the LifePump
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The Final Design, Building the LifePump
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The Final Design, Building the LifePump
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The Final Design, Building the LifePump
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The Final Design, Building the LifePump
Design to specific cost and price targets.
The entire LifePump can be built under $10 while the filters are 
made from locally sourced materials. The pump is a closed system 
that attaches PET bottles to the exit point of the water and helps 
satisfy the need for a water purification system that is fast paced 
and has a limited risk of recontamination. A sixteen ounce PET 
bottle is filled in 4-6 pumps while a 2 liter bottle, or half gallon, is 
filled in 16-20 pumps. 
The system allows a family to guarantee the safety of their personal 
drinking water, store it, and use it in the home or on the go 
without fear from drinking from community purified water. 
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Final Discussion
Moving Forward/Next Steps
Conclusion
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Moving Forward, The Next Steps
Moving ahead with the LifePump I feel it is important to fist 
develop a working model to determine exactly how strong of a 
design concept my product it. First I would build the mold and 
filter in the design. By doing so I would be able to determine 
how difficult it is to produce and if it is feasible to have small 
communities successfully build them on their own. If not, it may 
be necessary to have the filters created elsewhere and imported into 
the remote ares that need them.
After this stage of the design process it would be important to 
gather data in the field and actually have a test audience use the 
pump for an extended period of time to find any weaknesses in 
the design that would have to be resolved. To do this I would need 
a community willing to try the design, possibly though contacts 
in Haiti this might be possible. Based on the results of the testing 
improvements would be made to the design and testing would 
happen again until the design has satisfied its purpose to the most 
users.
The overall design of the product may need a revamping. A more 
industrial pipe may be needed so the LifePump itself is stronger 
and more durable. The method of attaching the filter to the pump, 
and the use of iron rods, will have to be reevaluated since in the 
field the chances of the rods getting lost is high and if this happens 
the pump can no longer be used.
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In Conclusion
The need for a fully integrated water purification system in the 
developing world is needed so a larger majority of the global 
population has the ability to collect and clean water for human 
consumption without fear of causing disease. The currently used 
systems for water purification in developing countries lack use at 
a higher rated because the local people feel disconnected to the 
designs, and therefore they are not accepted and used on a regular 
basis. The communities go back do purifying water in less effective 
ways. The intent of this thesis was to focus on the importance of 
created a fully integrated water purification system that would 
focus on many factors usually overlooked when designing products 
for the “other 90%.”
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